Peptide amyloidoses are considered as causes of a variety of pathologies (Alzheimer's disease, Parkinson's disease, type 2 diabetes, etc.). In the present work, the results of the transmission and scanning electron microscopy (TEM and SEM) were used to study the effects of the ethanol extract of rose petals and phenol glycoside fraction, isolated from it, on the fibrillation of the amyloid polypeptide amylin (AIAPP), which is toxic for islet cells. At TEM and SEM visualization of amylin fibrils, the size, form-factor, distribution by dimension and by polymorphism degree were taken into account. The nature of conformational diversity of aggregates of varying degree was analyzed. The analyses showed simultaneous presence of various structural forms: protofibrils, mature fibrils and ribbon-like forms. In case of plant preparations, a) inclusions of their particles caused increase of fibril dimention; b) amorphous bundles without clear configuration of the structure appeared, etc. These observations are in concordance with the earlier observed ability of these plant preparations to hinder the amylin fibrillation and to protect the islet cells from the toxicity of aggregated amylin. The findings of the present work demonstrate TEM and SEM as reasonable approaches in seeking effective antiamyloidogenic agents.
Introduction
Misfolding of proteins and peptides leads to the formation of strictly ordered amyloid aggregates [1] [2] . Amyloid fibrils are similar in morphology and structure, regardless of the amino acid composition and sequence of the forming peptides [3] [4] . The amyloid state of a peptide is more stable thermodynamically, and its native state is the metastable state [5] . Peptide amyloidosis is considered as a cause of a variety of pathologies [6] . Misfolding of peptides, self-assembly into insoluble amyloid fibrillar structure, and formation of strictly ordered accumulations underlie many amyloid-related diseases (the amyloid proteins are indicated in brackets): Alzheimer's disease (amyloid β-peptides, tau protein);
Parkinson's disease (α-synuclein); type 2 diabetes (amylin); dialysis amyloidosis (β2-microglobulin); cataract (crystallin); lysozyme-systemic amyloidosis (lysozyme); etc. [6] [7] [8] [9] .
Currently, there are no approved therapeutic agents against formation of fibrillar assemblies. The high cost and side effects of synthetic drugs, as well as non-complete recovery of patients due to their usage, induced researches on the development of approaches based on the use of natural products. Natural compounds with a broad spectrum of biological activities are considered as agents reducing the risk of many diseases [10] [11] [12] [13] [14] , and can serve as sources for the development of new therapeutic drugs [15] .
Amylin, a 37 amino acid containing amyloid polypeptide, is a major secretory product of pancreatic β-cells [16] [17] . It is a regulatory peptide inhibiting the secretion of glucagon and insulin in the islet β-cells and functioning in some distant organs also (for instance, in brain). Amyloid deposits of amylin were found in the islet β-cells in type 2 diabetes (T2D) in humans. The aggregated amylin plays a significant role in the loss of β-cells in T2D and in pancreatic islets transplanted into individuals with T1D [18] . It had been shown that such natural plant compounds as flavonoids (myricetin, quercetin, kaempferol, etc.), polyphenols (rosmarinic acid, curcumin, etc.) [19] [20] [21] are capable of inhibiting the amyloidosis of amylin. Epigallocatechingallate, a polyphenol from green tea, inhibited the in vitro amyloidogenesis of amylin and destabilized its preformed aggregates [22] . Obviously, the cytotoxicity of amylin against β-cells can be reduced by the plant preparations, possessing such properties.
Earlier, using the transmission electron microscopy, fluorescent microscopy and Thioflavin-T staining, we demonstrated in vitro the ability of the purified bovine kidney dipeptidyl peptidase IV to hinder the aggregation/fibrillation of Aβ(1-40) and Aβ(1-42) peptides and to disaggregate their preformed fibrils [23] .
Recently we have shown the in vitro protection of islet β-cells against toxicity of aggregated amylin by ethanol extracts of rose petals (Rosa damascena) and several other plants, as well as by eleven fractions isolated from them, including phenol glycosides [24] . For some of the studied plant preparations, IC 50 values in protecting β-cells were significantly low. The amelioration of amylin aggregation state by these preparations was manifested using ThT fluorescence method. This finding was in strong correlation with the protection of β-cells. Then the reverse of preformed amylin aggregates in the presence of several plant preparations was shown, and the promotion of viability of β-cells has been registered with DNAcomet analysis and trypan blue exclusion test [25] .
The present work studies (with the use of transmission and scanning electron microscopies) the effects of ethanol extract from rose petals, and the isolated from it phenol glycoside fraction on amylin fibrils.
Materials and Methods

General
Thioflavin T (ThT) was purchased from Sigma Ltd, USA; G-25 and LH-20 Sephadex-from Pharmacia Biotech, Uppsala, Sweden, and amylin-from ''GeneCust'' (Luxembourg). All the other chemicals were of the highest purity.
Spectral measurements were performed on spectrophotometer Specord M-40 UV-VIS (Germany) and spectrofluorometer Perkin-Elmer MPF-44A (USA), using quartz cuvettes with light path 0.5 and 1 cm at 25˚C in thermostatic cuvette holders.
Preparation of Specimens for Electron Microscopy
On the copper grids coated with formvar the suspension of the preparate was applied dropwise, in 1 minute the liquid was removed and the specimens were negatively stained with 1.0% phosphorous tungsten solution, pH 7.2 or with 2% aqueous uranyl acetate. They were registered in the transmission electron microscope (TEM) JEM-1400PLUS TUNGSTEN, operating at accelerating voltage of 80 kV, and in the scanning electron microscope (SEM) JSM-5410 of the company JEOL, operating at accelerating voltage from 0.5 to 30 kV. Both the microscopes were provided with the image recording digital system.
Plant Material
The rose petals (Rosa damascena) purchased from Phytotherapeutic Center "Artemisia" (Armenia) were dried in the shade. The dried material was grinded and 10% (w/v) extract was prepared in 70% (v/v) ethanol (72 hours at ambient temperature). The extract was filtered through a sterile cheese cloth, dried by evaporation at 37˚C and stored at −18˚C until using [26] .
To obtain the fractions, 1 -3 mg of the extract was dissolved in 2 ml of 70% ethanol and subjected to sequential gel filtrations on LH-20 and G-25 Sephadex columns, as described earlier [26] [24] . The constituents of the extract and the isolated fractions were characterized by optical absorbance in UV-Vis region, identified by qualitative chemical analysis and thin layer chromatography [26] .
Peptide Preparation
To prepare stock solution of amylin, 0.8 ml of bidistilled water was added to 1 mg peptide, and centrifuged (5000 g × 10 min) after standing for 30 min. The absorption spectrum of the supernatant was recorded in the range 230 -320 nm.
The molar concentration of the peptide was evaluated using the molar extinction coefficient of tyrosine at 276 nm, 1.39 mM −1 •cm −1 . The fibrils of amylin were formed at incubating for 7 days at 37˚C the protein at concentration of 125 μM in 20 mM HEPES buffer, pH 7.2, containing 0.02% Na azide (w/v). The fibrilization state of peptide was evaluated by ThT staining as described elsewhere [23] [27] and measuring the fluorescence intensity at λ ex = 430 nm and λ em = 485 nm.
To evaluate the effects on the amylin fibrilation of the ethanol extracts of rose petals and the isolated from it phenol glycoside fraction, the identical solutions of the peptide were incubated in their absence and presence, in the conditions, noted above.
Results
At electron-microscopic visualization and identification of amylin fibrils, the size, form-factor, distribution by dimension and by polymorphism degree were accounted. The nature of the accumulation of fibrils as separate particles or as aggregations of varying degrees was assessed.
The TEM images of the suspension of 125 μM amylin in 20 mM HEPES buffer, pH 7.2, incubated for 7 days at 37
• C are shown in Figure 1 . Preliminarily, the fibrillation of the peptide was manifested by ThT staining and measuring the fluorescence intensity (see Materials and Methods). Figure 1 shows polymorphism of amylin fibrillation, expressed both in the length of the fibrils (from 100 nm to 31.4 μm), and in the diameter (from 7 nm to 100 nm). Besides, the presence of different forms of oligomerization, specifically, of protofibrils (Figure 1(a) ) and mature fibrils (Figure 1(b) ), also suggest polymorphism. In the aggregated fibrils, the transformation into ribbon-like formations with the diameter in the 20 -60 nm range (Figure 1(c) ) is observed. Figure 1(d) demonstrates that ribbon-like formations are observed concurrently with aggregated fibrils.
As we noted in the Introduction, the amelioration of amylin fibrillation state by the ethanol extracts from rose petals (Rosa damascena) and several other plants, as well as by isolated eleven fractions (phenol glycosides among them) was shown earlier [24] . Therefore, we compared the above described properties of amylin fibrils with those, formed during the peptide incubation in the presence of 0.02% ethanol extract of rose petals and phenol glycoside fraction from this extract. Their SEM images are shown in Figure 2 and Figure 3 , respectively. The analysis with SEM technique evidenced increased polymorphism of fibrils at incubation of amylin in the presence of the ethanol extract from rose petals or phenol glycoside fraction isolated from it. In the presence of the extract (Figure  2 ), the diameter of the fibrils increased up to 50 -60 nm (Figure 2, arrow 1 ) and the longitudinal breakthrough appeared (Figure 2, arrow 2) . The formed clearances were occupied with extract particles with dimensions up to 8 nm ( Figure  2, arrow 3) .
This pattern is similar to that for amylin fibrils interacting with enzyme catalase, described in the literature [28] .
The effects of the used plant preparations vary by the degree of fibrillation: the fibrillation extent for the phenol glycoside fraction is more pronounced than that for the extract. In Figure 3 (a), the increased diameter of fibril is shown by arrow 1, the longitudinal breakthrough of the fibrils are shown by arrows 2. Un- der the impact of phenol glycoside, spiralization of amylin fibrils was also observed (Figure 3(a) , arrow 3). In this case, concurrently with the fibrillar structures, the amorphous bundles of fibrils without clear configuration were observed (Figure 3(b) ).
Discussion
The transmission and scanning electron microscopy analysis of conformational changes at amylin oligomerization manifested simultaneous presence of various structural forms: protofibrils, mature fibrils and their ribbon-like formations. In case of amylin incubation in the presence of plant preparations, the inclusion of their components increased the fibril dimensions. In addition to the fibril structures, the amorphous bundles are observed without clear configuration of their structure. These observations can be considered as manifestation of the loosening of the fibril structure in the presence of the ethanol extract and phenol glycoside fraction, which can induce the decomposition of fibrils. Indeed, in our previous researches significantly low IC 50 values have been estimated for the extract and phenol glycoside from rose petals (1.45 ± 0.26 and 0.15 ± 0.05 μg/ml, respectively) in protecting islet beta cells from killing by fibriled amylin [24] . These parameters were in strong correlation with the ability of the preparations to inhibit the peptide fibrillation and disaggregate its preformed fibrils [25] .
The presented observations confirm the TEM and SEM analyses as reasonable approaches to the evaluation of the effectiveness at search of anti-amyloidogenic agents.
